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In this addendum we complement the remarks made in ref[1] constraining the value of the cos-
mological constant Λ4 in terms of neutrino masses. Those were based on a sharpened version of
the Weak Gravity Conjecture as applied to compactifications of the SM to lower dimensions. We
argue that the same line of reasoning implies that for fixed values of Λ4 and the Yukawa coupling of
the lightest neutrino Yν1 , the EW scale is bounded above. This is a trivial consequence of neutrino
masses depending on the Higgs vev. In the case of massive Majorana neutrinos with a see-saw
mechanism associated to a large scale M ' 1010−14 GeV and Yν1 ' 10−3, one obtains that the
EW scale cannot exceed MEW . 102 − 104 GeV. From this point of view, the delicate fine-tuning
required to get a small EW scale would be a mirage, since parameters yielding higher EW scales
would be in the swampland and would not count as possible consistent theories. This would bring
a new perspective into the issue of the EW hierarchy.
Introduction. In ref.[1] we discussed in detail how a
sharpened version [2] of the Weak Gravity Conjecture
(WGC) [3] leads to constraints both on the cosmolog-
ical constant Λ4 and neutrino masses. This sharpened
WGC implies that no theory with an AdS non-SUSY sta-
ble vacuum can be embedded into a consistent theory of
quantum gravity. If one considers the compactification of
the Standard Model (SM) plus Einstein’s gravity down to
3D or 2D dimensions it turns out that, depending on the
value of neutrino masses, AdS vacua may appear [4, 5].
The dependence on neutrino masses in 3D or 2D arises
because in the infrared, below the scale of the electron
mass, they give the leading (positive) contribution to the
Casimir potential, to be added to the (negative) contri-
bution of the only massless fields, the photon and the
graviton. The absence of an AdS vacuum imposes an
upper bound on the neutrino masses in terms of the 4D
cosmological constant. Via the dependence of neutrino
masses on the Higgs vev, this bound is translated into un
upper bound for the EW scale, as we proceed to explain
in the following.
Upper bound on the EW scale. The essential ingredi-
ent to minimally avoiding 3D,2D AdS vacua is having
4 fermionic degrees of freedom sufficiently light (lighter
than ' Λ1/44 ) so as to cancel the negative contribution
coming from the photon and graviton, before the ra-
dion potential becomes negative, as the compact radii
decrease. It is then clear that, for a fixed value of Λ4,
the mass of these lightest fermionic degrees of freedom is
bounded from above. This may be seen e.g. in figs. 5
and 6 in [1]. In the case of Majorana neutrinos in addi-
tion to the ligthest neutrino an additional Weyl fermion
state lighter than 10−3 eV must also be added if we want
to avoid AdS vacua. But again one observes in fig.12 in
[1] that there is an upper bound on the mass of the light-
est neutrino (both in normal neutrino hierachy (NI) and
inverted hierarchy (IH)). Similar results are obtained in
compactifications to 2D.
If neutrinos are Majorana one sees from table 4 in [1]
that mν1 . 5(1) × 10−3 eV∼ 2(0.4) × Λ1/44 for NI (IH)
respectively. If the lightest neutrino Majorana mass is
induced from a standard see-saw mechanism one obtains
(e.g for NI) [6]
(Yν1 < H >)
2
M
. 2×Λ1/44 −→ < H >.
√
2
Yν1
√
MΛ
1/4
4 .
(1)
where M is the scale of lepton number violation in the
see-saw. Thus one gets the interesting conclusion that,
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2FIG. 1. Constraints on the EW scale and the cosmological con-
stant for the case of Majorana neutrinos and normal hierarchy, in
the presence of an additional Weyl fermion of mass mχ = 10−3 eV.
We have assumed Y = 10−3 and M = 1010 GeV.
for a given fixed c.c. Λ4 and fixed Yukawa coupling,
the EW scale is bounded above by the geometric mean
of the cosmological constant scale and the lepton num-
ber violation scale M . Thus, e.g. for Yν1 ' 10−3 and
M ' 1010 − 1014 GeV, one gets < H >. 102 − 104
GeV. Larger EW scales would yield (for fixed Yukawa)
too large lightest neutrino mass and AdS vacua would
be generated. In other words, consistency with quan-
tum gravity requires that a very small 4D cosmological
constant should come accompanied by a big hierarchy
between the EW scale and M . In figure 1 we depicted
the constraints on the EW scale (parametrised by the
Higgs vev) and the 4D cosmological constant for fixed
Y = 10−3 and M = 1010 GeV, leading to the aforemen-
tioned upper bound on the EW scale. Similar results
apply for the case of inverted neutrino mass hierarchy.
In the case of Dirac neutrinos one rather gets < H >.
1.6(0.4)Λ
1/4
4 Y
−1
ν1 for NI(IH). Now, for fixed Yukawa cou-
pling the EW scale is again bounded above by the 4D
cosmological constant. In the Dirac case, though, the
Yukawa coupling needs to be extremely small to match
the scale of observed neutrino masses [7]. But again, the
smallness of the cosmological constant implies in turn
a small EW scale in order to be consistent with quan-
tum gravity. This relation is shown in figure 2 for fixed
Yukawa coupling Y = 10−14.
FIG. 2. Constraints on the EW scale and the cosmological con-
stant for the case of Dirac neutrinos and normal hierarchy. We
have assumed a Yukawa coupling Y = 10−14.
Discussion. From the point of view a low energy field
theorist the smallness of the EW scale is surprising be-
cause there is apparently nothing preventing the Higgs
mass to grow up to the UV cut-off scale. That is the
hierarchy problem. If that huge UV mass squared is neg-
ative, that would give rise to EW breaking close to the
UV scale. We now see that, from the WGC point of view
here considered, that situation would not be possible (for
fixed Λ4) because AdS vacua would then be generated at
3D and 2D compactifications. The other option is hav-
ing a positive UV scale mass for the Higgs, i.e., no Higgs
at low energies at all. That situation turns out to be
also inconsistent with the WGC. Indeed, starting with
the SM with just fermions, gauge bosons and no Higgs,
the theory has a global accidental U(6)R×U(6)L symme-
try in the quark sector. Once QCD condensation takes
place, the symmetry is broken to the diagonal U(6) and
36 Goldstone bosons appear. Out of those 3 are swal-
lowed by the W± and Z bosons. These large number
of bosons outnumbers the massless leptonic degrees of
freedom which are 18 or 24 if neutrinos are Dirac. This
makes that again an AdS vacuum develops.
From the present perspective the Higgs scale is small
compared to the UV scale because of the smallness of
the c.c. With values of Λ4 as observed in cosmology,
and reasonable non-vanishing lightest neutrino Yukawa,
scales larger than the measured EW scale would yield
3theories with 3D,2D AdS vacua. From the Wilsonian
effective field theory point of view the smallness of the
Higgs scale looks like a tremendous fine-tuning. However
such a fine-tuning would be a mirage since parameters
yielding higher Higgs mass scales or vevs cannot be em-
bedded into a consistent theory of quantum gravity and
hence do not count as possible consistent theories.
As discussed in [1], our results rely on the assumption
that the lower dimensional vacua obtained from compact-
ifying the SM to 3D or 2D are stable. Unfortunately, this
issue cannot be addressed without a better understand-
ing of the embedding of the SM into a possible landscape
of vacua and the tunneling transitions between them.
However, they exemplify how consistency with quantum
gravity can have important implications on IR physics
and change our conception about presumed fine-tuning
problems. This can bring a new perspective into the is-
sue of the EW hierarchy and other issues of naturalness
in nature.
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